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Abstract 
Silicon biosensor microprobes for the in vivo detection of neurotransmitters are equipped with removable clips for an on-chip 
functionalisation technique that allows a simple and comfortable but very local and reproducible deposition of sensitive layers on 
dedicated microelectrodes. It can been seen as an alternative to high-priced low-volume dispensing equipment or electro-
chemical setups since not only coatings of a) several electrodes in parallel or b) closely spaced electrodes with different 
substances are possible, but – additionally – it can be performed directly before use with a conventional micropipette. 
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1. Introduction  
Implantable single microelectrodes for electrophysiological measurements and biosensor microprobes for the 
local detection of chemical substances allowed tremendous progress in the understanding of the function of the brain 
in the past years. The studying of more complex mechanisms and the interpretation of neuronal networks requires 
further developments: a) the combination of microelectrodes and biosensors and b) the up-scaling to multi-electrode 
arrays (MEAs) on microprobes for a complete three-dimensional mapping of local circuitry in brain tissue. 
Amperometric detection is one of the measuring principles for biosensors used for real-time monitoring of, for 
example, glucose or the neurotransmitters choline and L-glutamate. It generally requires the immobilisation of a 
specific enzyme (as glucose oxidase) on microelectrodes generating electro-chemical active products like H2O2. The 
characteristics as sensitivity and lifetime of these biosensors are mainly dependent on the stability of the enzyme in 
an appropriate matrix and a reliable deposition method. Especially for MEAs integrated on a single microprobe 
where several electrodes have to be coated with different kind of enzymes the latter has to be spatially controlled 
and reproducible. 
This is the reason that a lot of effort has been made regarding the deposition methods of enzyme layers: For 
example dip-coating is widely used for single wire electrodes1,2. However, immersion into a solution containing the 
enzyme is covering the complete microprobe and is therefore not suitable for microprobes equipped with several 
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 electrodes. Spatial controlled deposition of the solution can be carried out by drop-coating methods where the 
enzyme is directly spotted on the electrodes in small volumes3. When it has to be applied on electrodes smaller than 
100 × 100 µm2, high-priced sub-nanoliter dispensing equipment is required. Considering electrochemically based 
deposition methods spatial control is inherent, because only biased electrodes are coated during the sequence. 
Different methods and polymers are applied for this purpose as for example recently presented by McMahon et al.4. 
Nevertheless, since all electrodes have to be immersed into the monomer solution, unspecific adsorption can cause 
problems on electrodes that have to be kept clean. Moreover, coating can only be performed after completed 
packaging of the probe arrays and requires electrochemical set-ups. 
In this contribution we present a method, where microprobe arrays comprising several microelectrodes on each 
probe are additionally equipped with removable clips for coating purposes. Microfluidic channels are used to 
reproducibly coat the electrodes by capillary force. The functionalisation can be performed as part of the packaging 
process or just before use by applying a drop on a defined deposition area. Since its volume has not to be exact (0.5-
2 µl), a conventional micropipette is fully sufficient for this purpose. 
2. Materials and Methods 
Recent developments in standard microtechnology processes allow the fabrication of microprobe arrays with 
several electrodes on one probe, defining their size, shape and inter-electrode spacing very precisely. Ceramics3 and 
passivated silicon5 are the most often used substrates. Especially the latter benefits from accurate, anisotropic 
etching techniques also used in this contribution to fabricate microprobes with a length of 6.5 mm and a cross-
section of 80 × 100 µm2. 
2.1. Fabrication of the silicon microprobe arrays 
An overview of the fabrication process is shown in 
Fig. 1. In a first step photoresist is used as a mask to 
structure the microfluidic channels and deposition areas 
– later used for the functionalisation – by 8 µm deep 
reactive ion etching (DRIE, Fig. 1a.). After deposition of 
a silicon nitride layer as bottom passivation, the metal 
layer (20 nm Ta, 130 nm Pt) is evaporated and pattern by 
lift-off (b). A second nitride layer covers the metal (top passivation) and is opened at electrode and contact pad sites 
(c). The wafer is then thinned from the backside to the desired microprobe thickness (d) and structured from the 
front side (e). Both processes are carried out by DRIE. The arrays are kept in the wafer with small bridges and 
broken out before use. SEM pictures of the probes are shown in Fig. 2. In our present design two electrodes are 
placed near the tip of the probe. Their dimensions are 50 × 150 µm2, superposed is a meander-shaped channel. The 
channel is ending at one side where the metal line connects the electrode to the pad and on the other side is directed 
via a small bridge towards a larger area (0.5 mm in diameter) situated on a clip next to the microprobe. 
Fig. 1. Steps of the silicon microtechnology process to fabricate 
microprobes with integrated electrodes. 
 
Fig. 2. (left) Tip of the microprobe with two integrated electrodes (50 x 150 µm2) and two deposition areas situated on 
a clip next to the microprobe. (right) Close-up view showing the meandered deposition-channel and connecting bridge. 
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2.2. Functionalisation 
The coating of the microelectrodes is accomplished by applying the freshly prepared membrane solution to the 
dedicated circular area on the clip (see Fig. 3). It has been designed in such a way that no magnification has to be 
used for deposition. The solution is composed of the specific enzyme (glucose oxidase or choline oxidase, 1% w/v), 
bovine serum albumin (BSA, 1.5%) and glutaraldehyde as cross-linking agent (0.25%) dissolved in DI-water. Once 
a small drop is deposited at the correct place it is automatically drawn by capillary force into the coating channel, 
which is guiding the liquid over the connecting bridge to the microprobe and completely covering the electrode (Fig. 
3b). The liquid stops at the end of the coating channel. The channel is not covered on his whole length what allows 
fast drying of the membrane. Moreover the meandering and recessed design has an anchoring effect to increase the 
functional lifetime and additionally protects the membrane during insertion and removal in brain tissue.  
 
 
Fig. 3. (a) Schematic layout of the microprobe with attached clip. (b) Deposition of a small drop with a conventional 
micropipette and coating of the microelectrode by capillary force. (c) Cross-linked membrane and removed clip. 
After drying (10-30 min), the clip is broken off to only leave a 
defined and self-aligned volume on the electrode (Fig. 3c and 4). 
Thickness and spatial resolution of the membrane are precisely 
controlled by the design of the channel. Therefore depositions are 
achieved very reproducible and independent on the applied volume of 
the liquid droplet. Moreover, the approach allows to coat closely spaced 
electrodes with different membranes without risk of cross-talk (see 
design Fig. 2, left) or multiple electrodes by a single drop when 
different electrodes are interconnected with the same deposition area. 
 
Fig. 4. SEM image of a coated microelectrode with removed clip. 
3. Results and Discussion 
Several coatings resulted in a remarkable reproducibility for glucose and choline biosensors. Fig. 5 (left) is 
showing a calibration curve for a glucose biosensor. Consecutive additions of different volumes of glucose (in µM) 
into PBS at 37 °C result in a concentration change and increase of the electro-chemical current when 0.7 V are 
applied on the working electrode vs. an Ag/AgCl reference electrode. Unchanged characteristics could be measured 
at least for the first two weeks after deposition when stored in PBS at 4 °C (Fig. 5, right). Choline sensors showed a 
sensitivity of 11.8 ± 1.7 pA/µM (n=6). A simultaneous recorded response curve of two choline biosensors coated at 
the same time on a single microprobe is shown in Fig. 6 (for visual aspects, the graphs are separated by +50 pA). 
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Fig. 5. (left) Current response (raw data) due to injection of different volumes of glucose into PBS (37 °C, 0.7 V vs. Ag/AgCl). 
The insert shows a magnification of the highlighted part of the curve. (right) Calibration curve at different times after 
functionalisation of the microelectrodes. 
4. Conclusion 
The presented approach for the functionalisation of 
microelectrodes on silicon microprobes to produce biosensors for the 
in vivo detection of glucose or neurotransmitters in brain tissue has 
several advantages: Even if the electrodes are closely spaced and very 
small, individual or even parallel functionalisation can be carried out 
by the naked eye and using a conventional micropipette. It is 
achieved by an on-chip dispensing approach with the help of a 
microfluidic channel system that can overcome the need expensive 
drop-coating equipment. It is simple but precise and reproducible and 
can be applied at any stage of the packaging process as well as 
irectly before use. 
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